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ABSTRACT 
Miller, Sheila M., M.A. May 19, 1987; Communication 
Sciences and Disorders 
Identification of target populations for educational hearing 
screening programs (83 pp.) 
The purpose of the present study was to determine at 
which age children (pre-school through 12th grade) are "at 
risk" for hearing loss. A total of 294 rural children 
participated in this study. Initial and follow-up hearing 
screenings were performed according to criteria as specified 
by the Montana Education • Hearing Conservation service 
provider. Past and present state guidelines for hearing 
screening as well as the proposed future guidelines were 
analyzed in terms of efficiency of the individual protocol. 
The findings of this study indicated that the primary grade 
population (pre-school, K, 1st, 2nd and 3rd) yielded the 
majority of all hearing screening failures (64% during the 
initial screening and 80% during the follow-up). The 
inclusion of the 4th grade did not result in a significant, 
increase in the number of screening failures; however, 
the inclusion of the 11th grade did yield a significant 
increase in the number of screening failures observed. 
There was no difference between results obtained when 
including the 9th grade versus the 10th grade. Acoustic 
immittance failures consisted primarily of pre-school, 
kindergarten and 1st grade children. The inclusion of a 
follow-up screening decreased the number of screening 
failures by 56.6%. These results are discussed in view of 
ASHA guidelines as well as the proposed State guidelines. 
Practical considerations - and a suggested hearing screening 
program are presented. 
Director: Michael K. Wynne, Ph.C. 
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CHAPTER I 
INTRODUCTION 
The importance of hearing screening in the pre-school 
and school-aged population has been widely accepted 
(Feldman, Grimes and Grimes, 1981; Roush and Tait,. 1985; 
Vargo 1980). The ultimate goal of a hearing screening 
program for children should be to identify, as accurately 
and efficiently as possible, those individuals who have a 
hearing impairment that interferes with, or has the 
potential to interfere with, the learning process (Barrett, 
1985; Wilson and Walton, 1974). Screening, then, serves to 
alert and identify areas of concern, not to diagnose and 
detail the problem. Pure tone hearing screening has been 
widely used and established as an important part in a 
complete educational hearing conservation program. In 
addition, the advantages of acoustic immittance screening 
for middle ear problems have been demonstrated, as fewer 
than half the children with otologic disorders are 
identified by pure tone screening alone (Eagles, Wishik and 
Doerfler, 1967). The use of these procedures, pure tone and 
immittance screening, have focused on the two primary 
unidentified hearing difficulties in school-age children: 
conductive hearing loss and high frequency sensorineural 
hearing loss. Optimally, congenital hearing loss is 
identified and treated prior to school-age. 
1 
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Conductive hearing loss is often associated with middle 
ear effusion as a result of Eustachian tube dysfunction. 
The outer and middle ear are together responsible for 
conducting sound to the cochlea, which is the sense organ 
of hearing. Any condition that impedes the free passage of 
sound to the tympanic membrane, the motion of the middle ear 
structures, or the integrity of the middle ear structures 
can cause a conductive hearing loss. Research has shown 
that as much as 30% of a school-age population will 
demonstrate otologic findings consistent with middle ear 
disease at some time in the child's life (Eagles et 
al. , 1967). The incidence of otitis media has been reported 
as high as 60% in the preschool population--a critical 
period for language development (Klein as cited by Feldman 
et al. , 1981). The fluctuating hearing loss caused by 
otitis media creates temporary periods of auditory 
deprivation and distortion which may lead to difficulty in 
academics as well as speech,- language, and cognitive 
development (Sak and Ruben, 1981; Ventry, 1980; Katz 1978). 
The incidence of conductive hearing loss has been shown to 
decrease with age. The American Speech-Language-Hearing 
Association (ASHA) committee on audiometric evaluation 
(1978) suggested that immittance screening should be 
discontinued after 5th grade, for all but children with a 
history of middle ear disease. 
The second primary focus of the hearing conservation 
3 
programs in school-age populations is a high frequency noise 
induced hearing loss (Asha, 1983). Noise-induced hearing 
loss relates most closely to nerve ending damage in the 
inner ear. A sensorineural hearing loss is often the result 
of destruction of the sensory cells that code the incoming 
sound into nerve impulses that can be transmitted through 
the VIII cranial nerve and interpreted by the brain. 
Although the incidence of sensorineural hearing loss had 
been estimated at 0.5% of a school-age population, this type 
of hearing loss is usually permanent and poses a significant 
challenge in terms of the rehabilitative services required 
(Bureau of Education for Handicapped, 1973). The ASHA 
position statement on audiology services in the schools 
(1983) reported that sensorineural hearing loss in the high 
frequencies increases dramatically with age and is becoming 
more common in high school students. School screening 
programs should identify these sensorineural losses due to 
noise exposure as well as those of unknown etiology 
(i.e. unilateral sensorineural hearing loss, progressive 
losses, mild losses, high frequency losses and losses due to 
other sources). 
The need for hearing screening and the audiometric 
procedures employed are self-evident. The goal of the 
screening process is to identify those students who are at 
risk for hearing loss. When discussing any clinical 
procedure, the issue of the validity of that particular 
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procedure must be considered. The validity of any health 
screening program has two components: sensitivity and 
specificity. Sensitivity refers to the ability to correctly 
identify those individuals who exhibit a pathology or 
hearing loss when the pathology or hearing loss is present. 
Specificity refers to the ability to correctly identify 
those individuals who do not exhibit a pathology or hearing 
loss when the pathology or hearing loss is absent. The 
accuracy of hearing screening can be stated in terms of the 
correct identification of hearing loss or pathology. The 
incorrect identification of hearing loss can take two 
forms: children who fail the screening yet have normal 
hearing and no pathology (false positives or over-referrals) 
and children who pass the screening yet have an 
educationally significant hearing loss or pathology (false 
negatives or under-referrals) (Morton and Hebel, 1979; 
Wilson and Walton, 1974). Table 1.1 illustrates the 
relationship between these components. 
Finally, validity can be seen as the ability of a test 
to identify a certain pathology. The validity and 
efficiency of the procedures used in hearing screening 
is widely accepted. However, the validity of the 
populations targeted for hearing screening as specified by 
the Montana hearing screening guidelines is questionable. 
Statement of the problem 
The Educational Hearing Conservation Program in the 
» 
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Table 1.1 False positive and false negative results in 
decision making 
Pass 
Results: 
Fail 
Absent ' Present 
A 
correct 
identification 
normal hearing 
B 
false 
negative 
C 
false 
positive 
D 
correct 
identification 
pathology 
Sensitivity = 
Specificity = 
Accuracy = 
D x 100 
D+B 
A x 100 
C+A 
A+D x 100 
A+B+C+D 
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state of Montana is regulated by the Montana Board of Public 
Education. The Montana Board of Public Education then 
subcontracts audiological services in order to meet the 
state and federal regulations regarding the identification 
and rehabilitation for hearing-impaired children. These 
hearing screening contracts are awarded yearly. 
The Tri-Rivers Audiological Service is the local agency 
contracted to provide audiological services to mid-western 
and southwestern Montana. This agency is responsible for 
meeting the general guidelines outlined in the Hearing 
Conservation Contract with the Office of Public Instruction 
(O.P.I.). Over the past four years these guidelines have 
been subject to a variety of changes. Of particular concern 
is the apparently unfounded changes in the grades selected 
to be screened each year. The grades screened have changed 
yearly for the past four years. These changes have included 
the reduction of t:ie number of grades screened as well as 
modifications in the specific grades targeted for 
screening. Table 1.2 summarizes the changes in grades 
screened over the past eight years. These changes have 
caused confusion with parents, educators and administrators 
alike, while making systematic testing of grades K-12 very 
difficult for service providers. 
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Table 1.2 Grades targeted for hearing screening/year in 
addition to preschool population 
School -year Grades Screened 
1979-80 through 
1983-84 K 1 2 4 7 and 10 or 11 
1984-85 K 1 2 7 and 11 
1985-86 K 1 2 7 and 10 
1986-87 K 1 4 and . 9 
Currently, the hearing conservation service providers 
are required to screen children in grades K, 1,4 and 9 as 
well as all pre-school children, children in self-contained 
classes, new students to the school, children with known 
hearing losses and referrals. Informal observations by the 
Tri-Rivers audiologists as well and their aides suggest 
that the 1986-87 protocol for the mandatory screening of 
fourth grade students is not ' effective as it does not 
identify those student at risk for hearing loss. Similar 
failure rates were observed in 1979-84 with the mandatory 
screening of 7th grade students, a population which is 
not apparently at risk for hearing loss due to middle ear 
disease or noise exposure. In addition, a review of the 
literature indicates that these grades are beyond the range 
of "at risk" for middle-ear disease and not as yet "at risk" 
for noise induced hearing loss (ASHA, 1983; Barrett, 1985). 
3 
The need for a consistent protocol for grades screened 
is apparent. In this time of cost-accountability and 
limited financial resources, educational hearing screening 
programs must target those populations which are "at risk" 
for hearing loss. 
The purpose of this study is to determine which groups 
(pre-school--12) are "at risk" for hearing loss due to 
middle-ear disease and/or noise exposure. If the current 
Montana State guidelines for hearing screening are truly 
efficient in targeting those grades which are truly "at 
risk" for hearing loss, then pre-school groups and grades K, 
1, 4 and 9 will yield significantly higher failure rates 
when compared to the remaining grades. 
CHAPTER II 
REVIEW OF THE LITERATURE 
A review of the development of school screening 
programs includes the early history of hearing screening in 
the schools, the protocols available and applicable to 
school hearing screening programs, and the present 
application of these protocols. The scope of this review is 
focused on the screening component of the much broader 
Hearing Conservation Program as proposed by ASHA (ASHA, 
1985). A well-balanced program should include not only a 
screening and rescreening but also threshold audiometry, 
referrals for audiologic and medical evaluations, education 
and habilitation planning and counseling for parents and 
teachers (ASHA, 1985). 
History of Hearing Screening in Schools 
Hearing screening in the schools began formally about 
50 years ago with the development of the Western Electric 
audiometer (Fisch, 1981; Queen, Moses, Wood, Harryman and 
Couty, 1981). Since it'.s introduction, educational hearing 
screening has been attempted using a variety of procedures. 
These attempts included procedures such as the "whispered 
voice test," the coin clink test," and the "watch tick test" 
(Queen et al., 1981). Hearing screening was also attempted 
using the fading numbers gramaphone audiometer (1930-31) and 
later by using the long standing pure tone sweep frequency 
9 
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audiometric test (McDermott, 1982; Fisch, 1981). With the 
exception of the pure tone sweep frequency test, these early 
attempts at hearing screening were difficult to interpret 
meaningfully as the parameters of frequency and intensity 
were completely unknown (Queen et al., 1981). 
Eagles, Wishik and Doerfler (1967) questioned the 
efficiency of the early programs used for identifying 
hearing loss in the schools. The results of their study 
indicated that 61% of students with otoscopically abnormal 
ears passed pure tone measures. In addition, approximately 
50% of the children who developed middle ear pathology 
continued to pass pure tone sweep frequency screening 
tests. As such, the pure tone tests were viewed as having 
a limited potential for identifying middle ear disease in 
the school age population. 
Prior to 1970 and the introduction of acoustic 
immittance measurements, there was not a practical method 
for the routine screening for middle ear disorders, 
especially in school children (McDermott, 1982; Roeser and 
Downs, 1981). Acoustic immittance audiometry evolved from 
research in Europe and the United States since the late 
1940's. Since then acoustic immittance audiometry has 
developed into an objective and efficient screening method 
(Marshall, Bierman and Shapiro, 1984; McDermott, 1982). The 
term acoustic immittance, as it is used in the literature 
and this study, is a generic term which denotes two methods 
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of middle ear analysis—impedance and admittance. Acoustic 
impedance represents the difficulty that acoustic energy 
(sound) encounters when it is transmitted through 
conduction mechanism of the auditory system (external and 
middle ear). Conversely, acoustic admittance is the ease 
with which energy flows through the auditory conducting 
system. Acoustic impedance and acoustic admittance are 
reciprocal terms. Both terms are used in clinical 
application and the literature (Rintleman, 1979). Brooks 
(1978) was the first author to suggest acoustic immittance 
measurements could be adapted to screening for middle ear 
disease. 
Further modifications in hearing screening programs 
occurred with the enactment of Public Law 94-142 (Education 
for All Handicapped Children Law) in November of 1975. The 
need for this mandate was based on the statistic that only 
one-half of the eight million children in need of special 
services were actually receiving these services. Public Law 
94-142 required that all handicapped children between the 
ages of three and 21 years of age must be provided with an 
appropriate educational program through the public-school 
system by 1980. As this education program is funded through 
the public schools, state and local agencies are directly 
responsible for implementing this law. Public Law 94-142 
states that "all children who are handicapped and in need 
of special education and related services must be 
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identified. located, evaluated and assured of a free 
appropriate public education in the least restrictive 
environment." In addition, a new legislation in the form of 
Public Law 99-457 (1986) reauthorized PL 94-142 and mandated 
that, by 1992, all states will serve handicapped children 
from their birth. The impact of this legislation has yet to 
be felt by state and local agencies providing hearing 
screening services. 
Protocol and Procedures 
Scope: School hearing screening efforts target two 
major classifications of hearing loss—conductive hearing 
loss and sensorineural hearing loss. 
The most common cause of hearing loss in school-age 
children is middle ear disease, specifically otitis media 
(McDermott, 1982). Middle ear disease results in a 
conductive hearing loss by altering the mechanics of the 
middle-ear system. Acute otitis occurs at least once in 70% 
of all children before three- years of age (Allen and 
Robinson, 1984; Marshall et al., 1984; Wientsen, 1984) and 
repetitive bouts of acute otitis occur in approximately 33% 
of the childhood population (Wientzen, 1984). Ferrer (1983) 
conducted a study involving acoustic immittance testing 
during 3 phases: pre-school, school entrance and 8-12 
months following school entrance. He discovered that of all 
the children exhibiting chronic middle ear disease in his 
study, 72% of the cases persisted from earlier pre-school 
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episodes of middle ear disease. Gerrard and Smith-Clark 
(1985) found that the younger a child was when he 
experienced his first episode of middle ear disease, the 
greater the probability of subsequent episodes. Persistent 
middle ear disease is a common cause of chronic low grade 
hearing loss in school children, resulting in a 15 to 40 d.B 
hearing loss (Ruben and Hanson, 1979). Although, Tos (1980) 
found that roughly 84% of middle ear disease will resolve 
without treatment over a period of 9 months, an estimated 10 
(McDermott, 1982) to 20% (Ruben and Hanson, 1979) of the 
school-age population suffers from an educationally 
significant conductive hearing loss associated with middle 
ear disease. 
Several factors are known to influence the risk of 
middle ear disease. The prevalence of otitis media varies 
with age. Young children are more prone to develop the 
disease than are older children and adults, but it occurs 
across all age groups (McWilliams, Morris and Shelton, 1984; 
ASHA, 1983). Middle ear disease also varies from one racial 
group to another. Chronic otitis media is more common in 
Native American Indians and Eskimos (McWilliams et al., 
1984; Beery, Doyle, Cantekin, Bluestone and Wiet, 1980). 
There is also a well documented increase of middle ear 
disease during the winter and spring months which is 
probably related to an increase in the rate of upper 
respiratory tract infections during those months (Marshall 
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et al., 1984). Lildholdb (1980) reported that males tend to 
experience middle ear disease more frequently than do 
females. Ruben and Hanson (1979) reported that there was no 
link between middle ear disease and socioeconomic status. 
Perhaps the most controversial aspect of middle ear 
disease and the resulting fluctuating conductive hearing 
loss is the effect it has on a child's development. Several 
investigators (Sak and Ruben, 1981; Rapin, 1979; Ruben and 
Hanson, 1979) agree that the temporary fluctuating hearing 
loss most commonly associated with middle ear disease may 
have significant effects on a child's development. The 
hearing loss associated with middle ear disease appears to 
influence the acquisition of language skills and reading 
abilities (Rapin, 1979). However, the primary effect of this 
hearing loss appears to be a delay in language development 
rather than a deviant language development (Ruben and 
Hanson, 1979). Sak and Ruben (1981) conducted a study using 
eight and 11 year old subjects and sibling controls. They 
found that subjects with confirmed episodes of otitis media 
had deficits in verbal ability, auditory decoding and 
spelling skills when compared with controls. Dobie and 
Berlin (1979) stated that educators must consider the 
effects of mild to moderate hearing loss coupled with the 
sub-optimal listening situation encountered in the regular 
classroom when exploring the effects of hearing loss due to 
middle ear disease. 
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Some investigators (Allen and Robinson, 1984; Ventry, 
1980) are critical of earlier studies of the effects of 
conductive hearing loss on language development. Ventry 
(1980) agrees with the hypothesis that conductive hearing 
loss affects normal development but questions the methods 
used in these studies. Deficits in research regarding 
middle ear disease and language, cognitive and social 
development reside in the selection of subjects, small 
number of subjects, reliance on cross-sectional rather than 
longitudinal research, variability of middle ear disease and 
influencing factors, as well as instrumentation and 
calibration. 
Hearing screening programs should also focus on 
conductive hearing loss due to wax plugs, foriegn objects, 
cholesteatoma, ossicular discontinuity or other causes. 
These cases are usually referred to a physician. 
The second type of hearing loss targeted in 
identification programs is sensorineural hearing loss. This 
type of hearing loss is caused by a wide variety of 
illnesses and conditions. It is also usually permanent in 
nature. Sensorineural hearing loss can range from mild to 
profound (ASHA, 1985; Nothern and Downs, 1984). This type 
of hearing loss can occur at any time and occurs equally 
across age groups of children. Sensorineural hearing loss 
typically effects the high frequencies although it can take 
any configuration. Sensorineural hearing loss associated 
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with noise exposure is becoming more common in high school 
populations (ASHA, 1985; Rytzner, 1981). Noise induced 
sensorineural hearing loss is more common in males than 
females (Jerger and Jerger, 1981; Rytzner and Rytzner, 
1981). Noise induced sensorineural hearing loss is due 
primarily to exposure to noise from large machinery., 
firearms and powertools. 
Optimally, congenital sensorineural hearing loss should 
be identified prior to the child reaching school-age. 
Congenital sensorineural hearing loss can be a result of 
injury, illness or substance use and/or abuse or a variety 
of other causes. Several high risk factors have been 
identified with sensorineural hearing loss in the preschool 
population. The high-risk format employed by Tri-Rivers 
Audiology is discussed in the following chapter. 
Pure Tone Screening: Pure tone audiometric screening 
procedures are the most widely accepted and well documented 
screening procedures used today (Gimsing and Bergholtz, 
1983; Bennett and Mowat, 1981; Bluestone, Beery, and 
Paradise, 1973). Various screening frequencies and 
intensities have been suggested and are incorporated in 
programs nationwide (Roeser and Downs, 1981). Renvall 
(1979) suggested that the screening should focus on hearing 
at 500 and 3000 Hz, however, recent studies have shown that 
testing at 500 Hz is too susceptible to environmental noise 
and its incorporation often results in an increase of false 
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positives and over-referrals (Thompson, Gothard, Sturm and 
Togister, 1979). Still the use of pure tone audiometric 
procedures are well suited for the identification of 
sensorineural hearing loss (McDermott, 1982, Bennett and 
Mowat, 1981). 
ASHA guidelines for identification audiometry (1975) 
called for screening of children between three years of age 
through 3rd grade using individually administered, manual 
pure tone audiometric procedures. The test frequencies 
should include 1000, 2000, and 4000 Hz. Screening levels of 
20 dB HL for 1000 and 2000 Hz, and 25 dB HL for 4000 Hz were 
also suggested. The 1985 revision of these guidelines now 
calls for a screening intensity of 20 dB HL for all test 
frequencies (ASHA, 1985). 
The limitations of pure tone audiometry in identifying 
transient low-grade hearing loss associated with middle ear 
disease are recognized by the ASHA (1985) Guidelines for 
Identification Audiometry and the inclusion of acoustic 
immittance is now recommended, although specific guidelines 
are not outlined in this document. 
Acoustic Immittance: Acoustic immittance testing 
includes tympanometry, measures of middle ear pressure, and 
assessment of acoustic reflexes. Acoustic reflex 
measurements (presence/absence) have been reported as one 
method for diagnosing possible middle ear disorders (ASHA, 
1985). The ASHA (1985) guidelines suggested that acoustic 
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reflexes should be screened at 1000 Hz with 100 dB HL 
stimulation contralaterally and 105 dB SPL stimulation 
ipsilaterally. Bluestone and Cantekin (1979) found that 
this measure should not be used in isolation due to its 
extremely low specificity. In addition, approximately 5% of 
the population does not have an acoustic reflex in the 
presence of normal auditory functioning (McDermott, 1982; 
Bluestone and Cantekin, 1979).. 
The use of tympanometry has evolved as a reliable 
method for detecting middle ear disease in 
school-populations (Bluestone and Cantekin, 1979; Bluestone 
et al., 1973). Several classification systems are used for 
tympanometric findings, however, the most common consists of 
three primary categories (McDermott, 1982; Jerger, Anthony, 
Jerger and Mauldin, 1974). These include the following: 
- Type A tympanograms which are associated with normal 
mobility of the middle ear structures; 
- Type B tympanograms which are associated with limited 
or no movement of the tympanic membrane; and 
- Type C tympamograms which are associated with 
compliance peaks occurring at significantly negative 
pressures. 
Type A tympanograms have been found in otosclerotic 
ears or ears demonstrating ossicular chain fixation (Jerger 
et al., 1974). Type C tympanograms are generally a sign 
of eustachian tube dysfunction (Tompson and Tos, 1981, 
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Jerger et al., 1974). Five percent of all Type C 
tympanograms will develop further middle ear disorders 
characterised by Type B tympanograms (McDermott, 1982). Tos 
(1980) as well as Tompson and Tos (1981) reported that 28.6% 
of their sample of 184 two-year-old children exhibited at 
least one Type B tympanogram over a two and one-half year 
period. Their results indicated a distinct tendency to 
spontaneous improvement and a high total frequency of middle 
ear disease. Overall, tympanometry is not a predictor of 
hearing sensitivity and is not used for the identification 
of sensorineural hearing loss (McDermott, 1982; Ruben and 
Hanson, 1979). Therefore, some researchers feel 
tympanometry is not practical for secondary populations and 
should be used when the screening program concentrates on 
the early school years when otitis media is most common 
(Goodseal, Moses and Wood, 1981). 
Measurements of middle ear pressure derived from the 
tympanogram yield important information. Researchers 
agree that children with high negative middle ear pressure 
should be considered at otologic risk (Ferrer, 1983; 
Bennett and Mowat, 1981; Bluestone et al., 1973). However, 
a compliance peak at a slight negative pressure alone should 
not be used as a referral criteria as this may result in 
high false positive rates. Ferrer (1983) proposed that 
instead of referring these cases, a follow-up screening 
should be completed. ASHA (1979) guidelines suggested that 
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the normal range of middle ear pressure should fall between 
+ 100mm H2O and -200mm H2O. 
Combined Approach: Various researchers agree that pure 
tone and acoustic immittance screening procedures are 
complimentary (Fisch, 1981; Roeser and Downs, 1981; Renval, 
1979; Walton and Wilson, 1973). Pure tone screening appears 
to be appropriate and sensitive to the identification of 
sensorineural hearing loss while acoustic immittance 
audiometry appears to be sensitive to the identification of 
the conductive hearing loss associated with middle ear 
disease. ASHA (1985) stated "the program which incorporates 
both pure tone testing and immittance measurements will be 
the most effective in identifying individuals in need of 
audiological otological services." 
Target Population: The grades screened from the school 
population vary drastically from state to state (Bess and 
McConnell, 1981). There is general agreement that the 
following groups should be screened annually (Bess and 
McConnell, 1981; Roeser and Downs, 1981): 
1) new students to the school, 
2) speech and language caseloads, 
3) any child returning from a serious illness, 
4) self-contained populations, 
5) children with known hearing loss, 
6) children enrolled in resource room, and 
7) children repeating a grade. 
Fisch (1981) suggested that a "school-leaving" 
screening or a 12th grade screening should be initiated in 
addition to these groups as this represents the last 
opportunity for school based hearing screening. The ASHA 
(1985) guidelines also suggested that an educational hearing 
screening program should provide an annual screening of 
children between three years of age through the third grade 
and periodic screenings thereafter. However, several 
studies of racial differences in screening results indicated 
that screening every other year with an American Indian 
populations is inadequate for the identification of hearing 
loss especially in the lower grades (Goinz, 1984). The ASHA 
(1979) guidelines for acoustic immittance screening 
suggested screening children between nursery school age and 
5th grade. In addition to differences in testing 
procedures, there are differences in the pass/fail 
criteria recommended for these procedures. 
Pass/Fail Criteria: Various values of middle ear 
pressure have been suggested as being within normal limits 
These include + 50mm H2O (Renvall, Jarlstadt and Holmquist, 
1980; Renvall and Liden, 1979), + 100 to - 200mm H2O (ASHA, 
1979), and greater than or equal to -250mm H2O (Lildholt). 
There has been considerable support for the addition of an 
"at risk" category to these criteria in the literature 
(ASHA, 1985). In combination with this "at risk" category, 
many investigators have recommended a follow-up screening. 
Some of these researchers have recommended a 2-6 week 
follow-up period (ASHA, 1985; Rousch and Tait, 1985; 
McDermott, 1982; Roeser and Downs, 1981), while others 
recommend a 6-8 week follow-up period (Ferrer, 1983; Brooks 
1978). A 45% decrease in false positives was reported by 
Lucker (1980) when using the "at risk" category with a 
second screening. 
Instrumentation. Personnel and Environment: Walton 
and Wilson (1974) studied the reliability of portable 
pure tone audiometers used • in identification audiometry. 
They concluded that when the audiometers were initially set 
to the manufacturer's specifications, the probability was 
good that these audiometers would maintain their calibration 
for at least the amount of time necessary to accomplish most 
concentrated screenings, even under conditions of heavy 
usage. Vargo (1980) suggested that in addition to the 
recommended annual calibration and biannual calibration 
reviews, screening personnel should be capable of simple 
trouble-shooting techniques in the field. 
In addition to being able to trouble shoot other 
personnel requirements for hearing screening vary from state 
to state (Bess and McConnell, 1981). ASHA (1985) suggested 
that all identification audiology programs should be 
conducted or supervised by an audiologist, even though 
support personnel may administer the screenings arid 
rescreenings. 
The test environment used during screening is more 
often than not very noisy. Estimates of ambient noise 
levels during screenings have been measured at between 40 to 
60 dBA (Hallett, 1983; Vargo 1980.) The allowable 
octave-band ambient noise levels in the region of the test 
tone are proposed by ASHA (1985) and are summarized in Table 
2.1. 
Table 2.1 Allowable ambient noise during screening 
Test Frequency 
500Hz lOOQHz 2000Hz 4000Hz 
Allowable ambient 
noise level for 41.5 49.5 54.5 62 
screening (dBA) 
Current Practices 
Wall, Naples, Buhrer and Capodanno (1985) recently 
conducted a survey of hearing screening services 
nationwide. The following is a summary of their findings. 
Personnel: The majority of the respondents (73%) were 
not required to have any type of licensure for conducting 
the hearing screenings. These screenings were conducted by 
technicians 22.14% of the time, by nurses 65.15% of the 
time, by speech language pathologists 33.58% of the time, by 
audiologists 15.79% of the time and by other volunteers 
19.10% of the time. Specific training was available for 
74.96% of the respondents, however, it was mandatory for 
•:4 
only 47.37% of these. The supervision of the screening 
personnel was provided by school and public health nurses 
of the time and by audiologists only 23.96% of the 
t ime. 
Equipment: The vast majority of respondents (97.32%) 
used a pure tone audiometer while only 30.13% of the 
respondents employed acoustic immittance equipment. Daily 
biological checks of the equipment were performed by 
79.60% of the respondents while 72.60% of the respondents 
reported annual electroacoustical calibration of the 
screening equipment. 
Scope: An overwhelming majority of the respondents 
(90.20%) reported that their program had a dual purpose of 
identifying conductive as well as sensorineural losses. 
Still, only 30.13% indicated that they used acoustic 
immittance measures as part of their protocol to identify 
the conductive hearing losses. 
Grades Screened: Greater emphasis has appeared to have 
been placed on screening children in kindergarten (84.57%) 
and first grade (81.67%)' as compared to the higher grades. 
As the grade level increased, it's inclusion in the 
screening protocol decreased proportionally. 
Rescreen: Relatively few respondents reported that 
they incorporated a rescreening protocol (10.10%). Of those 
who did rescreen, 8.89% rescreened within one week of the 
initial screening, 53.90% rescreened at two weeks, 29.04% 
25 
rescreened at 3-4 weeks and 5.31% rescreened at 5-8 weeks. 
Protocol/Procedures: Pure tone stimluli at 1000, 
2000 and 4000 Hz were the frequencies most often screened. 
Pure tone stimuli at 1000 Hz was screened by 72.23% of the 
respondents while pure tone stimuli at 2000 Hz was screened 
by 71.69% of the respondents and pure tone stimuli at 4000 
Hz was screened by 71.14% of the respondents. However, a 
wide variety of test frequencies were used for the 
screenings. Intensity levels for screening ranged from 15 
dB HL to 30 dB HL. The majority of respondents used a 20-25 
dB HL screening level at 1000 Hz (85.84%), 2000 Hz (85.12%) 
and 4000 Hz (85.85%). 
Referral: Approximately 58% of the respondents 
indicated that their pure tone referral criteria was based 
on the ASHA (1985) recommendations of "no response at 
the screening level in either ear at any one frequency." 
The referral criteria for immittance failures were made on 
the basis of flat (Type B) tympanograms by 65.66% of the 
respondents and on the basis of abnormal middle ear pressure 
by 64.46% of the respondents. Absent acoustic reflex alone 
was used as criterion for failure by only 16.87% of the 
respondents. 
Statement of the Problem 
Although general guidelines concerning hearing arid 
immittance screening are available to hearing conservation 
program providers, there continues to be little agreement 
between programs concerning personnel, equipment, test 
protocol and referrals. The results of the Wall et al 
(1985) survey indicated a very strong need for a systematic, 
comprehensive set of guidelines for both pure tones and 
* 
acoustic immittance screening programs nationwide. Each 
program's guidelines must identify the populations most "at 
risk" for hearing loss, procedures, protocol and criteria 
for medical and audiological referral as well as personnel 
to be employed in screening programs. 
Currently the Montana Hearing Conservation Program is 
experiencing funding difficulties. The program's guidelines 
concerning the grades targeted have undergone several 
changes over the past four years. These changes have been 
viewed as being arbitrary and inefficient in terms of 
targeting those populations "at risk" for hearing loss 
(Scott, 1987 and Toth, 1986). To be truly cost-efficient 
in providing hearing screening services, the Montana 
Hearing Conservation Program Guidelines must mandate the 
screening of those populations which are most "at risk" for 
hearia#- loss. Hearing conservation programs must target 
those populations who will benefit most from their efforts. 
The purpose of this study is to identify which popultion 
(pre-school through 12th grade) may be most "at risk" for 
hearing loss due to middle ear disease and noise exposure. 
Identification of "at risk" populations will allow for a 
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more efficient and cost accountable hearing conservation 
program. 
CHAPTER III 
METHODS 
Subjects 
The subjects who participated in this study were 
drawn from those students enrolled in the public school 
system in Charlo, Montana, during the 1986-86 school year, 
as well as children participating in the Charlo pre-school 
screening program. Students in grades from kindergarten 
through 12th grade were included in this study. A minimum 
of 15 students per grade was established. The actual number 
of students enrolled per grade screened appears in Table 
3.1. 
Table 3.1 Number of students enrolled per grade (K-12) 
Grade fl of Students Grade tt of Students 
P = 27 6 = 14 
K = 23 7 = 17 
1 = 29 8 = 21 
2 = 14 9 = 19 
3 = 24 10 = 22 
* = 20 11 = 15 
5 = 24 12 = 25 
Total = 294 
Charlo, located on the Flathead Indian Reservation, is 
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a small rural community in northwestern Montana and has an 
estimated 2% Native American population (students 
appearing '..n the tribal roles) in the school system. The 
socio-economic status of this community is composed of 
primarily lower-middle to upper-lower class families 
(Webster, 1987) . 
Instrumentation 
Two portable Maico, MA-20 audiometers were used in the 
collection of pure tone data (S/N 21319 and 20481). Both 
audiometers were paired with appropriate matched TDH-39, 10 
ohm earphones housed in MX-41/AR cushions. A Madsen ZS76-B 
model PS 100-1 portable immittance audiometer (S/N 54450) 
was used in measurements of middle ear function 
(tympanometry and equivalent ear canal volume). Both 
audiometers used for the hearing screening met the ANSI 
S3.6-1969 (R-1973) specifications for limited-range or 
narrow-range audiometers. The immittance audiometer was 
calibrated according the manufacturer's specifications. 
All equipment used in this study was calibrated immediately 
prior to and following the collection of data. 
In- addition to the electroacoustic calibration, daily 
biological calibration checks were performed on all 
equipment. This daily check included self-administered 
bilateral threshold measurements by the principle 
investigator at each test frequency using each audiometer. 
Any evidence of static, clicks or gross deviations in output. 
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were noted and investigated. The daily checks of the 
immittance audiometer were performed by the calibration with 
appropriate test cavities as well as self-administered 
tympanometric measurements and measurements of equivalent 
ear canal volume performed on this investigator. Daily 
listening checks were recorded on the listening check form 
presented in Appendix A. 
Procedures 
The screening protocol employed by the Tri-Rivers 
Audiology Service was adopted for use in this study and will 
be described in the following discussions. While Tri-Rivers 
Audiology Service provides a comprehensive hearing 
conservation program, the scope of this research is limited 
to only the screening component of this program and 
therefore only those protocol dealing with screening 
procedures will be presented. 
Hearing screening is only the first step in the iden­
tification and rehabilitation of the hearing-impaired 
child. The purpose of screening is to identify those 
individuals who are in need of additional evaluation or 
services. Screening is not a diagnostic procedure. 
Hearing screening simply separates those individuals who may 
have normal hearing from those who may not have normal 
hearing for whatever reason. 
Grades; During the 1986-87 school year, the guidelines 
for the Montana Educational Hearing Conservation Program 
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required that grades K, 1,4 and 9 be screened annually, as 
well as all full time special education students, all 
referrals, all new students, all students with known hearing 
losses, all children who repeat a grade, all students who 
exhibit any speech, language or communication problems, and 
all children participating in the pre-school child find 
program. In addition, all students whose coursework puts 
them at risk for noise induced hearing loss (i.e. shop, band 
etc...) should be educated about the need for hearing 
conservation and allowed to refer themselves for testing. 
For the purpose of this study, all students across all 
grades (K-12) were tested as well as all children 
participating in the pre-school child find program. 
Pure Tone Screening: Individually administered, manual 
pure tone air-conduction screenings were administered to the 
students enrolled in grades K-12. Conditioned Play 
Audiometry (CPA) was typically completed with children 
between the ages of two and one-half and five years of age. 
CPA was attempted with children younger than two and 
one-half, years of age. Children who were unable to perform 
CPA were administered the High-Risk questionair that appears 
in Appendix H. Pure tone screening was conducted at 20 dB 
HL (re: ANSI-1969) at the frequencies of 1,000, 2,000, and 
at 25 dB HL at 4,000 Hz. The failure to respond to the pure 
tone at these specified intensity levels at any frequency in 
either ear was selected as the criterion for a positive 
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finding from the pure tone screening. Threshold data was 
obtained on any student failing the pure tone screening. 
Acoustic Immittance: During the 1986-87 school year, 
the guidelines for the Montana Educational Hearing 
Conservation Program required that tympanometry be performed 
on all students in kindergarten and in first grade. For the 
purpose of this study, tympanometry was performed on all 
children between the age of seven months and 5th grade as 
suggested by the ASHA Guidelines for Acoustic Immittance 
Screening of Middle Ear Function (1978). Prior to acoustic 
immittance testing, an otoscopic inspection of the ear canal 
and tympanic membrane was performed. Currently acoustic 
reflex measures are not obtained as part of the Tri-Rivers 
protocol as they are considered too time consuming, and do 
not influence the ultimate referral decision made by the 
audiologist (Toth, 1986). Toth (1986) reported that their 
present referral decisions are based on pure tone results, 
tympanogram type and prior results. 
The pressure-compliance functions (tympanograms) were 
categorized by three basic patterns (Jerger 1970). The Type 
A pattern^ included those tympanograms characterized by a 
relatively sharp maximum deflection between +100 and -200 mm 
H2O. Normal values for absolute compliance were considered 
to be 0.35 ml-1.4 ml (Jerger 1970). Type A tympanograms are 
considered to represent normal pressure-compliance 
functions. The Type B pattern was characterized by those 
tympanograms demonstrating little or no maximum compliance 
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across the entire pressure range. These include flat or 
dome-shaped tympanograms which are considered to represent 
possible middle ear pathology. The Type C pattern was 
characterised by those tympanograms demonstrating a maximum 
deflection occurring at a negative pressure greater than 
-50mm H2O. The Tri-Rivers Audiology Service classifies all 
curves demonstrating a normal peak amplitude occurring at a 
pressure more negative than -200 mm H2O as Type C 
tympanograms which represent students "at risk" for middle 
ear pathology. 
In conjunction with tympanometry, measurements of 
equivalent ear-canal volume (Ci) at +200 mm H2O were also 
taken. Acoustic immittance screening was also performed 
on all students (6-12) failing the pure tone portion of the 
screening. 
Rescreen: _ All students failing the initial screening, 
with the exception of those with known hearing loss, were 
automatically rescreened within 6 to 8 weeks following the 
initial screening. 
Classification of Results: The test results were 
classified by Roman numerals I through VI. Each number 
represents the following outcome: 
I = Pass screening 
II = Fail tympanometry only 
III = Fail pure tones only 
IV = Fail pure tones and tympanometry 
V = Borderline tympanometry pass pure tones 
VI = Fail otoscopic inspection (used in conjunction 
with other classifications) 
Table 
according to 
3.2 summarises 
specific screening 
this classification 
results. 
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system 
Table 3.2 Classification of screening results 
Classification Pure Tone Immittance 
I Pass Type A 
II Pass Type B 
III Fail Type A 
IV Fail Type B 
V Pass Type C 
VI Pass Fail Otoscopic 
Referral Criteria: The criteria for the medical and 
hearing evaluation referrals differ between the initial, 
follow-up and pre-school screenings. Table 3.3 summarises 
the screening referral criteria for initial screenings. 
Less stringent criteria were used for the initial screenings 
as there was a second opportunity for testing. 
Referral criteria for the follow-up screening were more 
stringent as this represented the last opportunity for 
testing during the school year. The referral criteria for 
follow-up screenings are presented in Table 3.4. 
Table 3.3 Initial screening referral criteria 
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Classification Possible referrals & Recommendations 
I 
II 
III 
IV 
None 
Rescreen 
a) 
a) 
b) 
Rescreen - any slight to moderately 
severe hearing loss 25-65 dB HL 
Hearing Evaluation Referral - any 
hearing loss >65 dB HL * 
Rescreen - Type B tympanograms with 
pure tone thresholds at lk <40 dB HL 
and pure tone thresholds at 2 and 4k 
within screening levels 
Medical Referral - Type B 
tympanograms with pure tone 
thresholds at lk>40 dB HL and pure 
tone thresholds at 2 and 4k within 
screening levels 
c) Medical Referral - Type B 
tympanograms with pure tone 
thresholds at two ot more 
frequencies elevated above screening 
levels 
V Rescreen 
VI a) Rescreen - pressure equalizing tubes 
b) Medical Referral - foreign objects, 
impacted cerumen, perforations or 
possible cholesteatoma 
* Decisions regarding hearing evaluation referrals are 
typically made by the supervising audiologist. 
Table 3.4 Rescreen referral criteria 
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Classification Possible Referrals & Recommendations 
I None 
II Medical Referral 
III Hearing Evaluation Referral Candidate * 
IV Medical Referral & Hearing Evaluation 
Referral Candidate * 
V a) 1st v Classification - screening 
next school year 
b) 2"d V Classification - screening 
next school year & negative pressure 
note sent to parents 
VI a) Screening next School Year -
pressure equalizing tubes 
b) Medical Referral - foreign objects 
or possible perforations, impacted 
cerumen or possible cholesteatoma 
•Decisions reqarding hearing evaluation referrals are made 
by the^supervising audiologist. 
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Pre-school hearing screenings typically do not include 
a follow-up screening and, as such, referrals are made 
accordingly Pre-school hearing screenings target children 
from birth to Kindergarten. In instances where CPA is not 
possible (i.e. the child is too young) the High-Risk 
questionnaire (Appendix B) is administered. If any of these 
High-Risk factors are present a hearing evaluation referral 
is automatically recommended to the parents. Table 3.5 
summarizes the preschool referral criteria. 
During the initial, follow-up and pre-school screenings 
the referrals for medical evaluations were issued by the 
investigator (an audiological aide). With the exception of 
High-Risk failures all referrals for hearing evaluations 
were issued following consideration by both Tri-Rivers 
audioiogists (S.T. and C.S.). The referrals for hearing 
evaluations are issued on a highly individualized basis 
after consideration of the following factors: 
a) number of previous hearing evaluation referrals 
issued to the student; 
b) history of clinical evaluations completed; 
c) presence of possible middle ear pathology; 
d) severity of hearing loss; and 
e) history of hearing loss diagnosed at another 
facility or by another agency. 
Each referral for hearing evaluation was issued 
following review by both Tri-Rivers audioiogists. The 
recommendations of C. S. were used for the purpose of 
Table 3.5 Preschool referral criteria 
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Classification Possible Referrals & Recommendations 
I Screen next year 
II Medical Referral 
III Hearing Evaluation Referral Candidate* 
IV Medical Referral and Hearing Evaluation 
Referral Candidate* 
V Screen next year 
VI a) Screen next year- pressure equalizing 
tubes 
b) Medical Referral- foriegn objects, 
perforations or possible cholesteatoma 
HR Child failed High-Risk questionaire-
Immediate Hearing Evaluation Referral at 
screening 
•Decisions regarding hearing evaluation referrals are made 
by the supervising audiologist with the exception of HR. 
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this study as she is the audiologist assigned to the Charlo 
school. Data was collected regarding reasons for referral 
or nonreferral using the hearing evaluation candidate form 
presented in Appendix C. 
Referral Follow-up: The parents of each student 
receiving a referral were contacted by phone in order to 
answer any questions regarding that referral or the 
screening results. In addition, the appropriate referral 
forms were given to the school speech pathologist to be 
distributed to the parents. Photocopies of the hearing 
evaluation referral, medical referral cover letter and 
medical referral data sheet are included in Appendix D. 
A list of all students failing the follow-up was placed in 
the school file. These students should be screened during 
the next school year regardless of grade level. 
Training Assistants: Three students enrolled in the 
Department of Communication Science and Disorders at the 
University of Montana assisted in the collection of data. 
These students were familiar with the basic physics of 
sound, anatomy and physiology of the ear, possible causes of 
hearing loss and the importance of hearing conservation at 
the time of the hearing screening. Each assistant had 
completed a minimum of two quarters of coursework in 
clinical audiology. Prior to screening, the assistants were 
also familiarized with screening procedures, equipment and 
record keeping. Biological calibration checks and 
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classification of results were performed by the principle 
investigator according to the preceding discussions of 
classification criteria. 
Inter-.judge Reliability: Two students from each grade 
were randomly selected to serve as reliability checks. Each 
student selected received two data collection slips (Figure 
3.1). The order of testing between examiners was 
counterbalanced across all protocols. 
Name Grade /TI Class if 
/oto /Pres. /Ci / lk / 2k / 3k / 4k / 6k / 8k / 
R 
L 
COMMENTS: 
Figure 3.1 Data collection slips 
Pata Reduction: 
All school-age children receiving medical or hearing 
evaluation referrals or requiring follow-up screening were 
assigned identification numbers and their results were 
entered into the Zenith Data Systems computer used by 
Tri-Rivers Audiology as per the Tri-Rivers protocol for 
screening failures, Computer entries were made using the 
R-Base 5000 data base management program. 
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As only one student was enrolled full-time in a 
self-contained special education . classroom, this grouping 
was not included in this study. Students with known hearing 
loss were tested but were not included in the raw data of 
the screening failures per grade screened. Students who 
received more than one classification (i.e. V and III) 
received referrals and recommendations appropriate to each 
classification. Multiple medical or hearing evaluation 
referrals issued to an individual student were included only 
once in the tabulation of referrals/failures per grade 
screened. 
The results of the reliability check was recorded on 
the data collection slips shown in Figure 3.1. These 
results were compared and the inter-judge reliability was 
scored according to the following criteria: 
+ or - 5 dB HL = total agreement 
+ or - 10 dB HL = error (retest) 
When the data differed by + 10 dB HL or more, the 
first examiner- to test the student performed a third 
screening. Each student selected for the reliabililty check 
was counted only once when calculating the reliability 
data. The agreement across examiners was calculated using 
the following formula: 
# in total agreement x 100 = % agreement 
total # retested 
The screening outcomes were classified as falling into 
either the Pass or Fail Category.- Of those in the Fail 
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Category, further divisions were made according to the 
recommendations as specified in the referral criteria. 
FaiLures then, were divided into categories corresponding 
to medical referrals (Med), hearing evaluation referrals 
(HE), and fall rescreens or any combination of the three. 
Rather than not including those grades with enrollment, 
below 15 students, consecutive grades were combined in order 
to represent a specific age group. Grades Pre-3, 4-8 and 
9-12 were combined in order to determine which age levels 
were most "at risk" for hearing loss in the schools. A 
Chi-square statistical analysis was applied to these age 
groups in order to determine if a significant difference 
existed between the groups. 
The analysis of the data addressed the following 
outcomes: 
1) the number of screening failures by type per grade 
screened (Efficiency of the past and present state 
guidelines as well as possible combinations for 1987-38), 
2) the reduction of screening failures and subsequent 
referrals when including a six to eight week rescreeri of 
all screening failures, and 
3) the number of acoustic immittance failures demonst­
rated per grade screened (Pre through 5) (As suggested by 
the ASHA Guidelines for Acoustic Immittance Screening of 
Middle-Ear Function). 
CHAPTER IV 
RESULTS 
The data obtained during the course of this 
investigation is presented in terms of being an initial or 
follow-up screening. 
INITIAL SCREENING 
Table 4.1 contains a summary of the hearing screening 
results obtained during the initial screening. A total of 
294 students were screened (N=294). The initial hearing 
screening resulted in 263 passes, 24 rescreens without 
referral, five medical referrals and two hearing evaluation 
referrals. Figure 4.1 is a graphic illustration of the 
distribution of failures per grade screened. 
•vl 
Chi square (X ) comparisons were performed in order to 
determine if there were significant differences between 
specific combinations of grades. In addition to Chi square 
analysis of these groupings, a contingency coefficient (C) 
was derived for each resulting Chi square. The contingency 
coefficient is a measure of the extent of association 
between two sets of attributes, in this case two groupings 
of grade levels. The contingency coefficient is a test of 
the power of Chi square and represents the percentage of 
variance accounted for by Chi square. The grade groupings 
represented designated grades for hearing screenings as 
specified by past and present state guidelines for hearing 
screening as well as by the proposed future guidelines. A 
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Summary of initial hearing screening results 
INITIAL 
SCREENING SUMMARY 
# PASS * FAIL TOTAL 
Med He Rescreen 
21 1 1 5 27 
19 2 0 2 23 
22 2 0 5 29 
14 0 0 0 14 
22 0 0 2 24 
18 0 0 2 20 
21 0 0 3 24 
14 0 0 0 14 
17 0 0 0 17 
19 0 0 2 21 
19 0 0 0 19 
22 0 0 0 22 
13 0 1 1 15 
23 0 0 2 25 
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summary of these comparisons is presented in Table 4.2. A 
Chi square value with one degree of freedom representing a 
difference at an alpha level of confidence below 0.05 (p< 
0.05; X* 2 3.84) was established to determine significant 
differences between grade combinations. The current study 
was concerned with which combinations of grades yeilded the 
most screening failures, eight of the twelve comparisons did 
yield significant differences between groups. The inclusion 
of the 11th grade with the grades to be screened in this 
particular study appeared to increase both the ~X\ and C 
values obtained (grade combinations one -vs- two yield X1 = 
2.294 and C = 8.9% -vs- - 6.495 and C = 14.7%). 
However, the inclusion of the 4th grade appeared to decrease 
the resulting X1 and C values (grade combination three -vs-
four yield Tf1" = 2.427 and C = 9.0% -vs- ~X, - 9.635 and C ~ 
17.8%). The combination of including the 11th grade and 
excluding the 4th grade further increased the sensitivity of 
the screening protocol ( y%1 - 9.635 and C = 17.8%). 
The current state guidelines (grade combination five), 
yielded a significant - 6.421 with C = 16.8%. Grade 
combination six represents the division of lower (primary) 
versus upper (junior high and high school) grades. Grade 
combination six indicated that the lower or primary grades 
do yield significantly more failures than do the upper 
grades ( "X, = 6.421 and C = 14.6%). 
Recent discussions concerning the future of the Hearing 
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Table 4.2 Chi square and C values for various grade 
combinations 
GRADE COMBINATIONS C (%) 
1) P-K-l-2-4-7-10 vs 3-5-6-8-9-11-12 2. 294 8.9 
2) P-K-l-2-4-7-11 vs 3-5-6-8-9-10-12 6. 495* 14.7 
3) P-K-l-2-7-10 vs 3-4-5-6-8-9-11-12 2. 427 9.0 
4) P-K-1-2-7-11 vs 3-4-5-6-8-9-10-12 9. .635* 17.8 
5) P-K-l-4-9 vs 2-3-5-6-7-8-10-11-12 8. 577* 16. 8 
6) P-K-l-2-3-4-5-6 vs 7-8-9-10-11-12 6, .421* 14.6 
7) K-1-9 vs P-2-3-4-5-6-7-8-10-11-12 2 . ,417 9.0 
8) K-1-10 vs P-2-3-4-5-6-7-8-9-11-12 1 .961 8.1 
9) P-K-l-9 vs 2-3-4-5-6-7-8-10-11-12 9, .572* 17. 8 
10) P-K-l-10 vs 2-3-4-5-6-7-8-9-11-12 8 . 639* 16.9 
11) K-1-9 vs 2-3-4-5-6-7-8-10-11-12** 5 . 007* 13 . 6 
12) K-1-10 vs 2-3-4-5-6-7-8-9-11-12** 4 . 327* 12. 6 
* ( 3.84; P < .05) 
*#These combinations represent proposed guidelines not 
including preschoolers 
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Conservation Program in Montana have indicated that the 
pre-school population may be served through separate grant 
monies (Wynne, 1987). The results of this study indicated 
that inclusion of the pre-school population in the groups to 
be screened contributes significantly to the sensitivity of 
the screening procedure (grade combinations seven and eight 
yield X, = 2.417 and C = 8.0% and ~X] - 1.961 and C = 
8.1%). Exclusion of the pre-school population has a 
tremendous effect on both the l(Z and C values obtained 
(grade combinations eleven and twelve where - 5.007 and 
C= 13.6%, and = 4.327 and C = 12.6% -vs- grade 
combinations nine and ten where "X = 9.572 and C = 17.8%, 
and = 8.639 and C = 16.9%). 
There also appears to be little difference in the 
results obtained between the inclusion of 9th grade versus 
10th grade (grade combinations nine and ten where X* =9.572 
and C = 17.8% and - 8.639 and C = 16.9% -vs- grade 
z. 
combinations eleven and twelve where X 7 = 5.007 and C 
= 13.6%- and - 4.325 and C = 12.6%). However, earlier in 
this chapter a significant difference was found between the 
inclusion of 11th grade and 10th grade, with the inclusion 
of 11th grade increasing the sensitivity of the screening 
procedure. 
The grade combinations used to illustrate the 
differences between the lower, intermediate and upper grade 
levels, (P,k,l,2 and 3 -vs- 4,5,6,7 and 8 -vs- 9,10,11 and 
49 
12) was unsuitable for the lC statistical analysis as the 
expected frequency of failure was below five. Figure 4.2 
presents the percentage of overall failures each group 
contributed to the total number of failures observed during 
the initial screening. Again, this data indicated that the 
primary grades contribute the majority of the screening 
failures observed (64.5%). Figure 4.3 illustrates the 
breakdown of hearing screening failures observed during the 
initial screening according to medical referrals, hearing 
evaluation referrals and rescreens without referral. 
Figure 4.4 illustrates the number of immittance 
failures per grade screened (Pre-5). Of the total number of 
immittance failures observed in grades pre-school to 5th 
grade, 38.5% occurred in pre-schoolers, 23% in 
kindergarteners, 23% in 1st graders and 7.7% each in 4th and 
5th grade. Table 4.3 contains a summary of the percentage 
of each grade failing immittance screening procedures 
FOLLOW-UP SCREENING 
Table 4.4 contains a summary of the hearing screening 
results obtained during the follow-up screening. A total of 
24 students received a follow-up screening (n=24). Six of 
the seven pre-schoolers who failed the initial screening did 
not attend the follow-up screening. The high school student 
who received a hearing evaluation referral at the time of 
the initial screening did not receive a follow-up screening 
as this student was seen at the University clinic by a 
Total N = 31 
Figure 4.2 Percentage of overall failures according to Primary (P, K, 
1, 2 and 3), Intermediate (4, 5, 6, 7 and 8) and Upper (9, 10, 11 arid 12) 
grade divisions 
Hearing evaluation Referrals (10. is) 
n =5 
Medical Referral* (6.S0) 
w/o Referral (77.4*) 
Total N = 31 
Figure 4.3 Breakdown of initial screening failures according to Medical 
Referrals, Hearing Evaluation Referrals and Rescreens without Referral CD 
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Figure 4.4 Percentage of immittance failures per grade (Pre-5) 
53 
Table 4.3 Percentage of acoustic immittance failures per 
grade (Pre-5) 
GRADE * ENROLLED » IMMITTANCE FAILURES % 
P 27 5 18.5 
K 23 3 13 
1 29 3 10 
2 14 0 0 
3 24 1 4.2 
4 20 1 5 
5 24 0 0 
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Table 4.4 Summary of follow-up hearing screening results 
r* O 
FOLLOW 
CREENING 
-UP 
SUMMARY 
GRADE # PASS 
Med 
# FAIL 
He Rescreen 
TOTAL 
P 1 0 0 0 1 
K 1 1 2 0 4 
1 3 1 3 0 7 
2 0 0 0 0 0 
3 1 1 0 0 2 
, 4 2 0 0 0 2 
5 3 0 0 0 3 
6 0 0 0 0 0 
7 0 0 0 0 0 
8 1 0 0 1 2 
9 0 0 0 0 0 
10 0 0 0 0 0 
11 0 0 1 0 1 
12 1 0 1 0 2 
TOTAL 13 1_* Z I 2A 
* only first time medical referrals appear in this table 
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Tri-Rivers audiologist. Follow-up screening failures by 
grade are illustrated in Figure 4.5. Ten students failed 
the follow-up screening. Hearing evaluation referrals were 
issued to seven students with five students receiving both a 
medical and hearing evaluation referral. Figure 4.6 
illustrates the breakdown of follow-up hearing screening 
failures according to medical referral only, hearing 
evaluation referral only, combination medical and hearing 
evaluation referral and rescreens without referral. When 
grades were again divided into primary (P,K,1,2 and 3), 
intermediate (4,5,6,7 and 8) and upper (9,10,11 and 12) 
divisions, the primary division contributed the majority of 
follow-up screening failures (80%). Figure 4.7 summarizes 
this comparison. 
Of the students who failed the initial screening and 
were present for the follow-up screening (n=24), thirteen 
of these passed the second screening (54.2%). All students 
who fail the follow-up screening are automatically placed on 
a hearing screening list for the next school year. The 
Charlo follow-up list from 1985-86 appears in Appendix E. 
* 
Comparison of this list to the 1986-87 hearing screening 
results indicated that, of the eight students on this list, 
three have moved, four passed this year's screening and one 
received a second hearing evaluation referral. 
RELIABILITY 
Data regarding the reliability of the testing was 
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Figure 4.5 Percentage of follow-up hearing screening failures per grade 
Resoreen w/o Referral (10.0*) 
Medical Referral Only (20.0*) 
Hearing Eval. Referral fZO.O%^ 
Combined Referral (SO.OX) 
Total N = 10 
Figure 4-6 Breakdown of follow-up screening failures according to Medical 
Referral Only, Hearing Evaluation Referral Only, Combined Referral and 
Rescreen without Referral 
Upper (20.0*) 
Intormodtato (0.0*) 
Primary (80.0*) 
Total N =10 
Figure 4.7 Percentage of overall follow-up screening failures according 
to Primary (P, K, 1, 2 and 3), Intermediate (4, 5, 6, 7 and 8) and Upper 
(9, 10, 11 and 12) grade divisions 
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collected during the initial and follow-up screening, 
this data was not collected during the pre-school screening 
due to a lack of trained assistants. Reliability judgements 
were based on a random sample of the initial screening 
population (n=28, or 10.5%). Interjudge reliability was 
96.4% for the initial hearing screening. Reliability 
judgements for the follow-up screening were based on a 
random sample of the follow-up population (n=13, or 28.3%). 
Interjudge reliability during the follow-up screening was 
92.3%. Finally, the equipment recalibration indicated that 
there was no significant change in the equipment calibration 
(+5 dB SPL) over the period of testing. 
CHAPTER V 
DISCUSSION 
The purpose of this study was to determine which 
grades, from pre-school through 12th grade, are most "at 
risk" for hearing loss most likely due to middle ear 
problems and/or noise exposure. The past and present state 
guidelines for hearing screening as well as proposed future 
guidelines were analysed using a rural pre-school and school 
population (N=294). 
Conclusions 
The results of this study indicated that the primary 
grades, pre-school through 3rd grade, yielded the majority 
of screening failures (64.5% during the initial screening 
and 80% during the follow-up screening). The results of the 
Wall et al. (1985) study demonstrated that the majority of 
the respondents to their survey emphasized screenings in the 
primary population. The results obtained from this study 
indicated that within the primary population the pre-school 
group contributed a significant portion of the total 
screening failures. As such the pre-school population 
appears to be a very important, component in the scope of the 
hearing screening program. 
The inclusion of the 4th grade in the grades to be 
screened did not result in a significant increase in the 
number of screening failures. There appeared to be little 
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difference between the results obtained when including 
either the 9th or the 10th grade. However, the 11th grade 
did produce significantly more screening failures than did 
the 10th grade. 
Acoustic immittance screening failures were composed 
primarily of pre-schoolers (38.5%), kindergarten students 
(23%), and 1st graders (23%). The inclusion of routine 
acoustic immittance screening past 1st grade did not appear 
to be cost-effective. The addition of a follow-up or 
re-screening served to reduce the number of screening 
failures by 56.6%. This finding is similar to findings 
reported by Luckner (1980). The large percentage of 
rescreens without any referral during the initial screening 
was directly influenced by the protocol criteria. The goal 
of this criteria and the re-screening is to reduce the 
number of over-referrals or false positives. 
From the data cullected in this study, it appears that 
the selection of the grades to screen is an important 
consideration when planning a hearing screening program 
The present results suggested that it is not the number of 
grades screened that make a program cost-efficient rather 
the particular grades selected. 
In View of ASHA Guidelines 
The present ASHA guidelines (ASHA, 1985) suggest 
testing children between three years of age through the 3rd 
grade as well as any high-risk children above the 3rd grade. 
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The results of this study also indicated that the majority 
of hearing screening failures occur between pre-school and 
3rd grade. ASHA recommends a mandatory rescreening of 
children failing the initial screening; the results of 
this study demonstrated a 54.2% decrease in screening 
failures by including a follow-up screening. ASHA suggests 
a follow-up period of no longer than two weeks, however, 
McDermmott (1980) indicated that a singular episode of 
otitis media with effusion will resolve without medical 
intervention within four to six weeks. A six week follow-up 
period was used in this study in an attempt to separate 
single episodes of otitis media from chronic otitis media or 
other middle ear problems. A final ASHA recommendation 
involves contact with the child's parents. The results of 
this study concerning the pre-school population indicated 
that only 14.3% of the children failing the initial 
screening attended the follow-up screening. A personal 
contact with these parents immediately prior to the 
follow-up may have resulted in a better attendance by the 
pre-school population. The contact with the parents of 
children receiving referrals is also seen as an essential 
step to ensure that recommendations are understood and will 
be carried out. Scott (1935) that while 238 hearing 
evaluation referrals were made during the 1984-85 school 
year only 95 (40%) children were recorded as being tested 
The high level of noncompliance reported by Scott (19345 
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would suggest that better communication must be developed 
between service providers, the population served and their 
primary care providers. 
In View of Proposed 1987-88 Guidelines 
The proposed Hearing Conservation Guidelines for 
Montana include screening grades K, 1st and 9th or 10th. 
The pre-school screening may be funded through separate 
grant monies. Area advisors (audiologists) would be 
appointed to specific geographic locations and would provide 
training for screening personnel and serve as a resource for 
decision making and coordinating screening efforts in their 
area. The actual screening would be carried out by trained 
school personnel. School personnel would be trained to 
perform individual, manually administered pure tone 
screenings. While pre-school children would receive 
acoustic immittance screening, school-age children would not 
receive acoustic immittance screening. The importance of 
acoustic immittance screening for the pre-school, 
kindergarten and 1st grade children has been established 
both in this study and in the literature and is recommended 
(Ruben and Hanson, 1979, Ferrer, 1983; and Wientsen, 1984). 
The present rational for not including acoustic immittance 
is that the school personnel conducting the screening will 
not be trained in acoustic immittance screening procedures 
and interpretation. As such, the reliability and validity 
of this measure would be highly questionable. However, in 
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areas where there exists trained personnel and appropriate 
equipment acoustic immittance screening should be perfromed 
on kindergarten and 1st grade children as well as 
pre-schoolers. 
The results of this study support, the inclusion of the 
kindergarten and 1st grade as grades to be routinely 
screened. However, they also indicate that the screening of 
the 11th grade identifies more hearing loss than does either 
the screening of the 9th or 10th grade. An important 
consideration when choosing a grade in high school is the 
amount of time the student will be available for follow-up 
and counseling. As only limited follow-up testing and 
rehabilitative services are available to children who are 
referred and identified as having a hearing loss at the end 
of their schooling emphasis must be placed on improving 
communication between the service provider and the 
individual receiving a referral. 
Although the pre-school screening program may be funded 
as a separate program, educators, administrators and 
legislators must recognise this population as being integral 
to the scope of the Hearing Conservation Program in 
Montana. Routine screening of the pre-school population is 
essential to the early identification and habi.litation of 
congenital hearing loss as well as prevention and 
identification of conductive hearing loss due to middle ear 
problems. 
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Considerations and Sugjgestions 
The possibility that fewer grades will be screened in 
the future as well as changes in the screening personnel 
indicate that education about hearing and hearing problems 
will be very important. This education should be directed 
toward students, parents and educators alike. This 
education should include hearing conservation, the 
prevention of hearing loss, and signs of hearing damage 
(i.e. tinnitus or a temporary shift in hearing 
sensitivity.) Indicators of middle ear problems should 
also be discussed (i.e. child pulling at ears or child does 
not appear to hear as well he used to). Parents and 
educators should be made aware of what services are 
available and how to refer a child if there is some reason 
for concern. Routine screenings should be conducted while 
there remains a window of opportunity for referral, 
follow-up and education (i.e. the 12th grade or school 
leaving screenings are not. the most appropriate choice for 
routine screenings). 
Suggested Program 
The hearing screening program suggested by this 
investigator is based on the results of this study, the 
investigators experience with hearing screening and a review 
of the literature. 
The grades to be screened would include pre-school, 
kindergarten, 1st and 11th grade. Emphasis would be placed 
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on teacher and parent referrals for identifying children 
with hearing problems in non-targeted grades. 
The frequency/intensity criteria would be as follows: 
20 dB HL at both 1000 Hz and 2000 Hz, and 25 dB HL at 4000 
Hz. ASHA (1985) recommends a screening level of 20 dB HL 
for all frequencies. However, the field experience of this 
investigator indicates that environmental noises such as 
fans, heaters and electrical appliances, although primarily 
low frequency noises, tend to make the detection of the 4000 
Hz tone at 20 dB HL difficult, especially for young 
children. The referral of children failing at 4000 Hs using 
ASHA screening levels may result in a large number of 
over-referrals or false positives. 
A follow-up period should be no longer than six weeks 
in order to reduce the number of false positives due to 
such problems as inattention, poor earphone placement, 
unfami 1iarity with the task required or single episodes of 
middle ear problems. 
Follow-up screenings should also be initiated as part 
of the routine for pre-school screenings. Communication and 
public awareness would be very important to all pre-school 
screenings (initial and follow-up) especially when there is 
a time delay of six weeks between screenings. All follow-up 
communication, either by telephone or by letter, should be 
stressed in order to ensure a positive action by the parents 
regarding referrals and to promote public education arid 
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awareness of hearing loss and its educational effects. 
Referral criteria should be established by the area 
supervisor/service provider as available resources and 
geographic limitations differ across the state. This study 
focused on only one component of a total Hearing 
Conservation Program: screening. A well balanced program 
should include not only a screening and rescreening, but 
also threshold audiometry, referrals for medical 
evaluations, educational and habilitation planning, and 
counseling for parents and teachers (ASHA, 1985). 
Further Research 
Further research in the area of educational hearing 
screening is clearly warranted. The expansion of this study 
to a larger population, both urban and rural, is necessary 
in order to generalise the conclusions of this study to 
other populations Research concerning the impact and 
effectiveness of hearing conservation education is also 
needed. And finally. any new guidelines concerning 
hearing conservation, must constantly be reviewed and 
analyzed in order to determine if the populations which are 
most "at risk" are the ones being served by the program. 
BIBLIOGRAPHY 
68 
69 
REFERENCES 
Allen, D. V. & Robinson, D. 0. (1984). Middle ear status 
and language development in preschool children. 
Asha, 2_6, 33-37. 
American National Standards Institute (1973). 
Specifications for audiometers (ANSI S3.6-1969, R, 1973). 
New York: ANSI. 
American National Standards Institute (1977). Criteria for 
permissible ambient noise during audiometric testing 
(ANSI S3.1-1977). New York: ANSI. 
American Speech-Language-Hearing Association (1983). 
Audiology services in the schools: Position statement. 
Asha. 25, 53-60. 
American Speech-Language-Hearing Association (1985). 
Guidelines for identification audiometry. Asha. 27, 
49-52. 
American Speech-Language-Hearing Association (1975). 
Guidelines for identification audiomentry. Asha, 17. 
94-99. 
Beery, Q. C., Doyle, W. J., Cantekin E. I., Bluestone, 
C. D., & Wiet, R. J. (1980). Eustachian tube function in 
an American Indian population. Annals of 
Otolaryngology, Rhinology and Laryngology, 
12,(Suppl. 895, 28-33. 
Bennett. M. & Mowatt L (1981 ) Validity of impedance 
measurements and referral criteria in school hearing 
Screening Programmes British Journal of Audiology, 
IS, 147-150 
Bess, F H & McConnel1. F E (1981) Audiology. 
education & the hearing impaired child. 31. Louis. 
The C. V. Mosby Company. 
Bluestone, C. D., Beery, 0 C. & Paradise, J. L (1973) 
Audiometry and tympnometry in relation to middle e^r 
effusions in children. Laryngoscope, 83, 594-604. 
Bluestone, C. D. & Cantekin, E. I. (1979). Design factors 
in the characterisation and identification of otitis 
media and certain related conditions. Annals of 
Otolaryngology. Rhinology and Laryngology, 
M,(Suppl. 360), 13-28. 
70 
Brooks, D. N. (1978). Impedance screening for school 
children: State of the art. In F. H. Bess, C. D. 
Bluestone & J. Klein (Eds.), Impedance screening for 
middle ear disease in children (chap. 25). New York: 
Grune and Stratton. 
Catlin, F. I. (1981). Otologic Diagnosis and treatment of 
disorders affecting hearing. In F. N. Martin (Ed.), 
Medical audiology dlsoders of hearing (pp 174-192). New 
Jersey Prentice-Hall, Inc. 
Dixon, R. F. & Newby, H. A. (1959). Children with 
nonorganic hearing problems. Archives of Otolaryngology. 
70, 619-623. 
Dobie, R.A. & Berlin, C. I. (1979). Influence of otitis 
media on hearing and development. Annals of 
Otolaryngology. Rhinology and Laryngology. 88(SUPPI. 
360), 48-53. 
Eagles, E. L., Wishik, S. M. & Doerfler, L. G. (1967). 
Hearing sensitivity and ear disease in children: A 
prospecitve study. Laryriogscope. 7J3, (Suppl. 12). 
English, G. M. , Northern, J. L. & Fria, T. J. (1974). 
Chronic otitis media as a cause of sensorineural hearing 
loss. Maico Audiological Library Series. JJ2, (Report 10). 
Feldmari, A. S. (1974). Eardrum abnormality and the 
measurement, of middle ear function. Archives of 
01.o 1 aryngo 1 ogy , £9 , 211-217. 
Fein, D. J. (1983). Population data from the U. S. Census 
Bureau Asha. 25, 4 7 
Ferrer, H. P (1983) The Use of impedance measurements in 
the diagnosis of serous otitis media. Internationa1 
Journal of Pediatric Otorhlnolaryngology. 5, 243-250. 
Fisch, L. (1931;. Development of school screening 
audiometry Br itish Jourana 1 of Audiometry, 1_5 , 87-95 
Fria, T. J , Cantekin. E I. & Eichler, J (1985). Hearing 
acuity of children with otitis media with effusion. 
Archives of Otolaryngology, 3, 10-16. 
Garrard, K. R. & Clark, B. S. (1985) 
role of speech-language pathologists 
Otitis media: The 
Asha. 21, 35-39. 
71 
Gimsing, S. &. Bergholtz, L. M. (1983). Audiologic screening 
of seven-and-ten-year-old children. Scandinavlan 
Audiology. 12, 171-177. 
Goinz, J. B. (1984). Otitis media among pre-school and 
school age Indian children in MI, MN and WI: A case 
for the inclusion of tympanometry in the hearing 
screening program. Hearing Instruments. 35., 16-17. 
Goodseal, W. D., Moses, F. & Wood, S. (1981, November). 
Immittance and pure tone mass screening in the Kansas 
City School District. Poster session booklet, ASHA 
National Convention, Los Angeles, CA. 
Hallett, C. P. & Gibbs, A. C. (1983). The effect of ambient 
noise and other variables on pure tone threshold 
screening in a population of primary school entrants. 
British Journal of Audiology. 17. 183-190. 
Harford, E. R. (1965). Audiometer Calibration. Maico 
Audiological Library Series, 3,(Report 5 and 6). 
Harford, E. R. (1973). Tympanometry for eustachian tube 
evaluation Archives of Otolaryngology. 97. 17-20. 
Hopkinson, N T. & Schramm, V. L. (1979). Preschool 
otologic and audiologic screening. Journal of Head and 
Neck Surgery, 87., 246-257. 
Jerger, J. F. (1970). Clinical experience with impedance 
audiometry. Archives of Otolarvngo]ogy. 92, 311-324. 
Jerger, J., Anthony, L., Jerger, S. & Mauldin, L. (1974). 
Studies in impedance audiometry III: Middle ear 
disorders. Archives of Otolaryngology, 99, 165-171. 
Jerger, J. & Northern. J. L (eds. ). (1980). Cli nical 
impedance audiometry (2nd ed ). Massachusetts: 
American Electromedics Corporation. 
Kats. J. (1978) The effects of conductive hearing loss 
auditory function Asha. 20. 379-886 
Katz, J. (ed.). (1385). Handbook of clinica1 audio1ogy 
(3rd ed.). Baltimore: Williams & Wilkins. 
72 
Lass, N. J , Carlin, M. F., Woodford, C. M., 
Canpanelli-Humphreys, A. L., Judy, J. M. & Hushion-
Stemple, E. (1985). A survey of classroom teacher's 
and special educator's knowledge of and exposure to 
hearing loss. Language Speech and Hearing Services in 
the Schools. 16, 211-222. 
Lescouflair, G. (1975). Critical view on audiometric 
screening in schools. Archives of Otolaryngology. 101, 
469-473. 
Lildholdt, T. (1980). Negative middle ear pressure 
variations by season and sex. Annals of Otolaryngology. 
Rhinology and Laryngology 89., 67-70. 
Lipscomb, D. M. (ed.). (1978). Noise and Audiology. 
Baltimore: University Park Press. 
Lucker, J. R. (1980). Application of pass-fail criteria to 
middle ear screening results. Asha, 22, 839-840. 
Marshall, S. G., Bierman, C. W. & Shapiro, G. G. (1984). 
Otitis media with effusion in childhood. Annals of 
Allergy. 55, 370-377. 
McDermott, J. C. (1982). Immittance screening for aural 
problems in school children. The Journal of School 
Health. .52, 462-468. 
McWi] liams. E J. , Morris, H. L. &. She 1 ton, R. L (eds. ) 
( 1984) Cleft, palate speech. Philidelphia: B C 
Decker Inc. 
Melnick, W. , Eagles, E. L. &. Levine, H. 3. (1964 ) . 
Evaluation of a recommended program of identification 
audiometry with school-age children. JSHD. 29. 3-13 
Milhinch, J. C (1981). Factors affecting the detection of 
hearing impairment in children. Australian Journal of 
Audiology, 3., 16-20. 
Naremore, R C. (1979). Influences of hearing inipai rment. or; 
early language developoment. Anna!s of Otolarvngj logy. 
Rhinology and. Laryngology 8_8(Suppl. 60). 54-63. 
Northern, J. L. &. Downs, M. P. ( 1934). Hearing in children 
(3rd ed . ) . Balti mo re. Willi am s & Wi ] k i. n s . 
Orohik, D. J . Dunn, J. W. and McNutt, L. (1978). 
Tympanometry _as a predict.or of -niddlo ear disease. 
Archives of Otolaryngology 104 , 4-6 . 
73 
Plakke, B. L. (1985). Hearing conservation in secondary 
industrial arts classes: A challenge for school 
audiologist.s . Language Speech and Hearing Services in 
Schools 16, 75-79. 
Public Law 94-142 (1975). Education for all handicapped 
children act of 1975. 
Public Law 99-457 (1986). Education of the handicapped act 
amendments of 1986. 
Punch, J. (1983). The prevalence of hearing impairment. 
Asha, 2 5, 27. 
Renvall, U. & Liden, G. (1979). Impedance screening for 
middle ear disease. Acta Otolaryngologica, (Suppl. 360), 
190-191 
Renvall. U., Jarlstadt, J. & Holmquist, J. (1980). 
Identification of middle ear disease. Acta 
Otolarvngologica, 90., 283-289. 
Rapin, I. (1979). Conductive hearing loss effects on 
children's language and scholastic skills. Annals of 
Otolaryngology Rhinology and Laryngology. 88(Suppl. 60), 
3-12. 
Richardson, K. , Peckham, C. S. & Goldstein, H. (1976). 
Hearing levels of children tested at 7 and 11 years 
a national study. British Journal of Audiology, 10. 
117-123 
Roberts, M. E. (1977). Comparative study of pure-tone, 
impedance, and otoscopic hearing screening methods. 
Archives of Otolaryngology. 102. 690-694. 
Roeser, R. J. &. Downs. M. P. (ed.). (1981). Auditory 
disorders in school children: The law-identification-
remediat. ion . New-York- Thiem-Stratton , lac. 
Ruben, R J & Hanson, D G . (1979). Summary of discussion 
and recommendation.;-' made during the workshop on otitis 
media and development Annals Otology. Rhinology and. 
Laryngology , £Ji(3uppL . 60 ) , 107-1 11. 
Roush, J. & Tait, C A. (1985). Pure-tone and acoustic 
immi ttanoe screening of preshcool-aged children- An 
examination of referral criteria. E a r a nd He a r i n g. 5, 
24 5-250. 
74 
Rytsner, B. & Rytzner, C. (1981). School children and 
noise._ Scandanavian Audiology. 10. 213-216. 
Sak, R. J, & Ruben, R. J. (1981). Recurrent middle ear 
effusion in childhood: Implications of temporary 
auditory deprivation for language and learning. Annal 
of Otolaryngology. 90, 546-551. 
Schow, L. R,, Pederson, K. J., Nerborme, E. M. & Boe, R, 
Comparison of ASHA's immittance guidelines and standard 
medical diagnostic procedures. Ear and Hearing. 2, 
251-255. 
Scott, C. S. (1979). Evaluation of a school hearing 
screening program in terms of cost-accuracy measures. 
Unpublished master's thesis. University of Montanta, 
Missoula. 
Scott, C. S. (personal communication January 7, 1987). 
Smith, D. K. (1981). Comparison of tvmpanic-peak pressure 
in morning versus afternoon kindergarten children in 
west-central Montanta. Unpublished master's thesis, 
University of Montanta, Missoula. 
Thomsen, J. & Tos, M. (1981). Spontaneous improvement of 
secretory otitis. Acta Otolarvngologica. 92, 493-499. 
Thompson, R J., Gothard, D. C., Sturm, J. M. & Register, 
S. H. (1979). Identification audiometry. Component 
effectiveness and relationship of hearing status to 
developmental functioning with four-year-olds. The 
Journal of Auditory Research, 19, 20 9-215. 
Thorner, R. M. & Remein, Q. R. Principles and procedures in 
the evaluation of screening for disease. Public Health 
Monograph• No. 67. 
Tos, M. (1980). Spontaneous improvemnt of secretory otitis 
and impedance screening. Archives of Otolaryngology. 106 
34 5-349. 
Toth, S (personal communication, December 12, 1986). 
Vargo, S. W. (1980). Auditory screening in the schools-
failure or success? The Journal of School Health. 1, 
32-34. 
Vent.ry, I M. ( 1980). Effects of conductive hearing loss-
fact or fiction. JSHD. 45, 143-156. 
75 
Wall, L. G., Naples, M. G., Buhrer, K. & Capodanno, 
C. (1985). A survey of audiological services within the 
school system. Asha. 27, 31-34. 
Walton, W. K. & Wilson, W. R. (1974). Stability of pure 
tone audiometers during periods of heavy use in 
identification audiometry. Maido Audiological Library 
Series . 1_3( Report 9). 
Webster, J. Super intenterrt of Charlo Schools, Charlo 
Montana. Telephone Interview, 27 February 1987. 
Wientsen, R. L. (1984). Otitis media with effusion: more 
than a pain in the ear. Annals of Allergy, 55. 369. 
Wilson, W. R. & Walton, W. K. (1974). Identification 
audiometry accuracy: evaluation of a recommended program 
for school-age children. Language Speech and Hearing 
Services in the Schools, 5., 132 -142. 
Wynne, M (personal communication, May 14, 1987). 
APPENDICIES 
7 fi 
APPENDIX A 
77 
INSTRUMENT S/N 
IQOOHz 2000Hz 4000Hz 
right 
left 
static 
clicks 
linearity 
COMMENTS: 
test cavity 
tympanograms 
equivalent ear canal volume 
COMMENTS 
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APPENDIX B 
Child's Name: 
Age: 
Parent: 
Phone if: 
Date: 
HIGH-RISK FACTORS FOR HEARING LOSS 
To be administered to all children less than two years of 
age. Also administered to those children age two- two and 
one half years if they cannot do Conditioned Play Audiometry 
(CPA). 
A) Asphyxia- which may include infants with Apgar scores 
of 0-3 or those who failed to exhibit spontaneous 
respiration by ten minutes and those with hypotonia 
persisting to two hours of age. 
B) Bacterial meningitis, especially Hemophilus influenza. 
C) Congenital perinatal infections (e.g., congenital 
rubella, cytomegalovirus, toxoplasmosis, syphilis, genital 
herpes). 
D) Defects of the head, ears, nose, or throat (e.g., 
craniofacial syndromal abnormalities, overt or submucous 
cleft palate, morphologic abnormalities of the pinna); 
birth defect or syndrome (e.g., Down's syndrome). 
E) Elivated bilirubin exceeding indications for exchange 
transfusion; 15 mg/100 cc and greater (jaundice). 
F) Family history of childhood hearing impairment. 
G) Gram birth weight less then 1500 (3 1/2 pounds). 
0) Ototoxic drugs given intravenously or by injection 
during pregnancy (-mycin drugs, Tobramycin, Kanamycin, 
Gentamycin) or Quinine, Chloroquin, or salicylates. 
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STUDENT # 
APPENDIX C 
HEARING EVALUATION CANDIDATE 
AUDIQLOGIST 
Initial screening 
QTO Tvnra JSa Ik 2k- _lk_ 
Rescreen 
right 
0IQ. 
left 
Tymg- JSi JJL. 21l. JJK JUS_ j&k. 
Comments : 
Factors influencing referral decision: 
1 ) number of previous referrals issued. 
2: history of clinical evaluations 
3) possible middle-ear pathology. 
4) severity of hearing loss 
5) history of hearing loss - diagnosed elsewhere 
6) other 
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APPENDIX D 
TRI-RIVERS REFERRAL FORMS 
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Tri-Rivers Audiology 
AUDIOLOGIC REFERRAL FORM 
Dear Parent: 
On • hearing screening was performed at 
school on . At that time, some difficulty 
was noted indicating that a more in-depth hearing evaluation should be 
performed in Missoula by the Tri-Rivers Audiologist. These tests would 
include a comprehensive evaluation of ability to hear tones at different 
pitches, speech discrimination, and eardrum mobility, as well as additional 
tests if needed. This service is provided without charge as part of the 
Tri-Rivers Hearing Conservation Program. 
Please contact us to make an appointment, or feel free to call us with 
any questions you may have. Please note that we are closed during the 
summer. 
Tri-Rivers Hearing Conservation Program 
Located downstairs, Health Service Building 
University of Montana Campus 
634 Eddy Avenue 
Missoula, MT 59812 
Telephone: 243-5763 
Sincerely, 
Audiologist 
You should also be aware of the fact that you 
have the following rights: 
1. To review all records related to the referral 
for evaluation; 
2. To review all procedures and instruments to 
be used in the evaluation; 
3. To refuse to permit the evaluation; 
4. To be fully infomed of the results of the 
evaluation; 
5. To get an outside evaluation for your child 
from a public agency, at public expense, if 
necessary. 
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MEDICAL REFERRAL FORM 
Dear Pa.rent(s): 
As part of our Hearing Conservation Program,your child's hearing was 
screened at school, and she/he was found to have a possible medically 
related hearing problem. It is recommended that you take your child 
to your physician or Ear, Nose, and Throat Specialist for a medical 
examination as soon as possible. 
Please take the attached form with you at the time of your child's 
appointment, for your physician's information. We would appreciate 
the return of the "Physician's Report" (bottom of attached form) 
following the examination so that we may better serve your child's needs. 
If you have any questions regarding the referral or the meaning of these 
results, please feel free to contact us: 
Tri-Rivers Audiologic Services 
634 Eddy Avenue 
Missoula, MT 59812 
243-5763 
Sincerely, 
Audiologist 
P.S. This is the final hearing screening for this school year. 
PI ease note: If your child is presently on medication, we request the 
return of the physician's report upon completion of medical treatment. 
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\MM GKEMTION PROSRVI 
PHYSlCIJK IEFERRAL FORM 
(FOR PHYSICIAN) 
HVC: 
f£A*I*S SCREENING RESULTS 
SCHOOL «W* MTE (1F STRFFHIFTF 
I SCREENING AX'iMWtts): **SI, 'S» (R1973) | I ScrunU «t 2C»i( XL: IOOO, 2000, *000 Pi f 
f * 
i I I 
i 
f I'EAttlRC 
|LEVEL 
| (i«) 
s 
1 
I t comnrrs.-
f 
It 
I 
£ A 
11 
1
 
Q (HSRTZ) Sat*: 
1000 I200T I >000 *000 6500 toos 
R ?UI K3 P««a 
L I 
Pits { 
R" ?lf* ; 
I PREVIOUS RESULTS (D.tt. 
L (jl-v* 
1 ̂  
*> >•*«* *»S* C, Case.* eta 
H 
1 s t I 
f fr 
I ;V 
J 'A 
H 
II! 
OTOSCGPTC SCREWING 
H: Appe*m Honutl • 
COWMQCS 
Poaalbly Abnormal • 
!R 
pr.*d j *o P**a 1 Ptak-Prausura ?t*! CL CoM&snt* 
I ! I 
! l 1 
L: AppVPiri *orwl • PoMibly Abittrwol 
Cosac a r i 
• 
COtK!-rr$: 
•L-
TWA/OCTRY 
I ?«*k Prcctiurc Typa* C|* Coatatata 
Peine («. HjO) (c*3> 
J 
Cth*r  {Check ll jj 
Q»j«»tion P.£.-tub« patency: * L 
Large voiuM of air noted; {! 
luenclcn if T.M. 1» lntjct;> u • da «*«*«•*«<<«• uaiuaf 
'8B«*anntMW.«9iucwa»a«aw«'iniflBOTCvaM«aa««B(9«oamav\M3s<ni«MCt..« 
"ClASSinCRTION (J«R»«R. WO) 
| Typ« A: norw*l 
| Type I; fUc or doi*-sih*pad (poor T.K. mobility), 
| cooaiatatst vlth possible «lddta-t«r 
I* pacboieiy *r.(i/or a*r-c«ti*l occlusion 
Type C: .ibn«ir*i} • Idil!*— tvtr j»rcN«nr*, <•»•«« Jm^nt 
wtili Euatachl«n-iul>« 
3ya function 
"rrj: a^ulvalant tar-canal volt*«a 
<ac +J00 an HjO) 
PHYSICIAN'S H-PCRT 
Wt:. . SOOX: JMAOt: , 
«?nt: 
D I ,>KIHHi I h : 
Hvotc.it Trca 
Cuoncnct: 
Rx»»in1nR 
ProRno«v»: 
Pt««»io>iM Tr*n:«cnt: 
Data Ix*»lnadi 
DOCTCK: >nx*se O&SN TO: 
Tri-Ri*«r» Audlologie StrvltM 
tidf Str««t 
c/'o Sjnacfc end S««ri&f Ciioic 
«U»ouIa, k?. 39912 
T«lspheri«: 243-5763 
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APPENDIX E 
STUDENTS ON 1986-86 RESCREEN LIST 
NAME GRADE 1985-86 1986-87 
RESULTS RESULTS 
T.R. 8 IV I 
J.J. 3 ABSENT I 
«•% 
J.H. 3 V I 
D.H. 11 III III 
E.W. 6 CHRONIC MID. EAR I 
R.M. MOVED IV 
B.U. MOVED V 
A.S. MOVED REFERRAL 
